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(57) ABSTRACT 

A plasma process device capable of forming homogeneous 
plasma and coping With a large siZe substrate less costly can 
be obtained. The plasma process device includes a process 
ing chamber, microWave guiding means, a shoWer plate and 
a reaction gas supply passage. The microWave guiding 

(21) Appl' NO': 09/925’572 means guides a microWave into the processing chamber. The 
(22) Filed: Aug 9’ 2001 shoWer plate has a gas inlet hole to supply to the processing 

chamber a reaction gas attaining a plasma state by the 
Related US Application Data microwave, and a loWer surface facing the processing cham 

ber and an upper surface positioned on the opposite side of 
(62) Division of application No. 09/583,161, ?led on May the lower Surface The reaction gas Supply Passage is Posi 

30, 2000, HOW pat NO_ 6,286,454 tioned on the upper surface of the shoWer plate and supplies 
the reaction gas to the gas inlet hole. A Wall surface of the 

(30) Foreign Application Priority Data reaction gas supply passage includes an upper surface of the 
shoWer plate and a conductor Wall surface opposing the 
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PLASMA PROCESS DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to plasma process 
devices, and more speci?cally, to a plasma process device 
capable of performing a processing such as deposition, 
etching and ashing to a large siZe, rectangular glass substrate 
using plasma. 

[0003] 2. Description of the Background Art 

[0004] Conventional plasma process devices to perform 
deposition, etching and ashing using plasma are knoWn. One 
of knoWn methods of generating plasma in such a plasma 
process device is an electron cyclotron resonance plasma 
excitation method according to Which plasma is excited 
using a microWave and a DC magnetic ?eld. In the electron 
cyclotron resonance plasma excitation method, hoWever, 
stable plasma results only if the pressure is set to a level of 
several mTorr or less at the time of generating plasma. In 
addition, since the electron temperature in plasma is high, 
the plasma formed using the electron cyclotron resonance 
plasma excitation method is not suitable for the process such 
as deposition as described above. In the electron cyclotron 
resonance plasma excitation method, a DC magnetic ?eld 
must be applied, Which necessitates the entire device to have 
a large siZe. As a result, the manufacturing cost of the plasma 
process device is disadvantageously high. 

[0005] MeanWhile, there is a knoWn method of exciting 
plasma using the surface Wave mode of microWave propa 
gating through dielectric rather than using an electron cyclo 
tron resonance method With a DC magnetic ?eld as 
described above. The plasma excitation method using the 
surface Wave of a microWave can produce stable plasma if 
the pressure is set in a relatively broad range from several 
ten mTorr to several Torr or higher. Since the electron 
temperature in the plasma is relatively loW, surface Wave 
excited plasmas are suitable for any of the above processings 
such as deposition may result. 

[0006] In a process such as plasma CVD (Chemical Vapor 
Deposition) and etching, a reaction gas must be introduced 
uniformly over the entire surface of substrate subject to a 
reactive process. This is to assure process condition unifor 
mity for deposition, etching or the like over the entire 
substrate. As one knoWn means for achieving this is the use 
of a shoWer plate to supply a reaction gas in a plasma process 
device. Herein, the shoWer plate refers to a plate shaped 
member positioned to oppose a substrate to be processed and 
having a plurality of reaction gas inlets to introduce a 
reaction gas into a processing chamber in Which the sub 
strate is placed. 

[0007] As a conventional plasma process device using a 
method of exciting plasma using the surface Wave of a 
microWave as described above together With a shoWer plate, 
a plasma process device using a radial line slot antenna has 
been knoWn. FIG. 16 is a schematic cross sectional vieW of 
a conventional plasma process device using a radial line slot 
antenna. Referring to FIG. 16, the plasma process device 
Will be described. 
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[0008] Referring to FIG. 16, plasma process device 150 
includes a vacuum vessel 156 as a processing chamber, a 
shoWer plate 153, a dielectric plate 152, a radial line slot 
antenna 151 and an exhaust pump 155. In vacuum vessel 
156, a circular substrate 154 subjected to deposition process 
or the like is placed on a substrate holder. ShoWer plate 153 
of dielectric is provided on the upper Wall surface of vacuum 
vessel 156 opposing substrate 154. Dielectric plate 152 is 
provided above shoWer plate 153 With a gap 163 therebe 
tWeen. Radial line slot antenna 151 is provided on dielectric 
plate 152. ShoWer plate 153, dielectric plate 152 and radial 
line slot antenna 151 have a circular shape When vieWed 
from the top. A reaction gas inlet passage 157 is formed to 
connect the gap 163 betWeen shoWer plate 153 and dielectric 
plate 152. A reaction gas introduced to gap 163 from 
reaction gas inlet passage 157 is let into vacuum vessel 156 
through the gas inlets formed in shoWer plate 153. 

[0009] Substantially homogeneous plasma 158 is formed 
over the entire surface of substrate 154 from the reaction gas 
by the microWave introduced into vacuum vessel 156 from 
radial line slot antenna 151 through dielectric plate 152, gap 
163 and shoWer plate 153 formed of dielectric. With plasma 
158, a processing such as deposition may be performed on 
the surface of substrate 154. The reaction gas Which have not 
contributed to the processing and the gas generated by the 
reaction at the substrate surface are let out of vacuum vessel 
156 through exhaust pump 155. 

[0010] FIG. 17 is a perspective cross sectional vieW of the 
radial line slot antenna shoWn in FIG. 16. Referring to FIG. 
17, the radial line slot antenna Will be described. 

[0011] Referring to FIG. 17, radial line slot antenna 151 
includes a coaxial Waveguide 160, a ground plate 159 
formed of conductor, a dielectric plate 161 and a slot plate 
164 of conductor having slots 162. Dielectric plate 161 is 
provided under ground plate 159. A slot plate 164 is pro 
vided under dielectric plate 161. Coaxial Waveguide 160 is 
connected to dielectric plate 161. A microWave is transmit 
ted to dielectric plate 161 from coaxial Waveguide 160. 
Dielectric plate 161 serves as a radial microWave transmis 
sion path. A microWave is radiated through slots 162 formed 
in slot plate 164 from the entire bottom surface of radial line 
slot antenna 151. 

[0012] In the conventional plasma process device using 
the radial line slot antenna, plasma excitation With a micro 
Wave and uniform supply of a reaction gas to the processing 
chamber using the shoWer plate are simultaneously per 
formed. The plasma process device using the radial line slot 
antenna described above suffers from the folloWing prob 
lem. 

[0013] More speci?cally, referring to FIG. 16, in the 
conventional plasma process device, a microWave used to 
form plasma 158 is supplied from radial line slot antenna 
151 into vacuum vessel 156 as a processing chamber 
through dielectric plate 152, gap 163 and shoWer plate 153. 
At this time, gap 163 serving as a transmission path for the 
microWave also function as a supply passage for a reaction 
gas to vacuum vessel 156. As a result, there is the reaction 
gas to generate plasma in gap 163. Therefore, the microWave 
transmitted from radial line slot antenna 151 into vacuum 
vessel 156 can generate plasma When the gas pressure in gap 
163 and the microWave conditions are inappropriate. If 
plasma is thus generated in gap 163, shoWer plate 153 and 
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dielectric plate 152 could be damaged by this plasma. In 
order to prevent the plasma (abnormal plasma) from being 
generated in gap 163, the pressure of the reaction gas in gap 
163 Was set signi?cantly higher than the pressure of the 
reaction gas in vacuum vessel 156. This is for the folloWing 
reason: electrons in the reaction gas are accelerated by an 
electric ?eld by the microWave. If hoWever the pressure of 
the reaction gas in gap 163 is set to a high level of 10 Torr 
or more, for example, the electrons can collide With other 
gas atoms or molecules before they are accelerated by the 
above electric ?eld. As a result, the electrons Will no longer 
have enough energy to generate plasma, so that the plasma 
can be restrained from being generated in gap 163. 

[0014] While the pressure of the reaction gas in gap 163 is 
set to a high level, the pressure inside vacuum vessel 156 
must be maintained at a level of several mTorr. As a result, 
the pressure of the reaction gas in gap 163 is kept at a high 
level, While the supply of the reaction gas to vacuum vessel 
156 must be suf?ciently small. Therefore, the easiness for 
the reaction gas to How (conductance) through the reaction 
gas inlets formed in shoWer plate 153 must be small. In order 
to realiZe such small conductance, ?ne gas inlets in shoWer 
plate 153 must be formed With extremely high precision (a 
precision in the order of 10 pm). MeanWhile, shoWer plate 
153 must be formed using dielectric such as ceramic to alloW 
a microWave to propagate. It is extremely difficult to form 
gas inlets having such high precision in the dielectric. As a 
result the manufacturing cost of the shoWer plate is disad 
vantageously high. 

[0015] Since the pressure of the reaction gas in gap 163 
must be kept at a high level, process conditions such as the 
component ratio or How rate of the reaction gas can be 
hardly precisely controlled. As a result, the process condi 
tions such as the gas component ratio are shifted from a 
prescribed numerical range, Which makes it difficult to 
adjust the process conditions, and plasma process such as 
deposition can no longer performed in a prescribed condi 
tion. 

[0016] In addition, as shoWn in FIGS. 16 and 17, the 
conventional radial line slot antenna 151 is circular, in order 
to apply it to a rectangular substrate for used in a TFT liquid 
crystal display device or the like, shoWer plate 153 larger 
than the rectangular substrate must be used so that the entire 
surface of the rectangular substrate can be covered. Such 
rectangular substrates have been increased in siZe from 500 
mm><500 mm to 1 m><1 m as the liquid crystal display device 
has come to have a larger siZe. Radial line slot antenna 151 
and shoWer plate 153 are formed using dielectric such as 
ceramic as described above. Since it Would be dif?cult to 
form a large siZe dielectric plate of ceramic or the like, the 
conventional plasma process device cannot cope With the 
large siZe rectangular type substrate. 

SUMMARY OF THE INVENTION 

[0017] The present invention is directed to a solution to 
the above described problem, and it is an object of the 
present invention to provide a plasma process device 
capable of forming homogeneous plasma, and coping With 
a large area substrate less costly. 

[0018] Aplasma process device according to one aspect of 
the present invention includes a processing chamber, micro 
Wave guiding means, a shoWer plate, and a reaction gas 
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supply passage. In the processing chamber, a processing 
using plasma is performed. The microWave guiding means 
guides a microWave into the processing chamber. The 
shoWer plate has a gas inlet hole to supply to the processing 
chamber a reaction gas attaining a plasma state by the 
microWave, and a loWer surface facing the processing cham 
ber and an upper surface positioned on the opposite side of 
the loWer surface. The reaction gas supply passage is posi 
tioned on the upper surface of the shoWer plate to supply the 
reaction gas to the gas inlet hole. A Wall surface of the 
reaction gas supply passage includes an upper surface of the 
shoWer plate and a conductor Wall surface provided oppos 
ing the upper surface. 

[0019] In this case, the microWave is not transmitted 
through the conductor. As a result, since the Wall surface of 
the gas supply passage positioned on the upper surface of the 
shoWer plate includes the conductor Wall surface, of the 
microWave transmitted from the microWave guiding means 
to the processing chamber, a component having a large 
electric ?eld amplitude can be prevented from being guided 
into the reaction gas supply passage. As a result, formation 
of plasma (abnormal plasma formation) from the reaction 
gas in the reaction gas supply passage caused by the micro 
Wave can be prevented. Therefore, the Wall surface of the 
reaction gas supply passage, in other Words, the upper 
surface of the shoWer plate or the like can be prevented from 
being damaged by plasma. 
[0020] Since abnormal plasma can be prevented from 
being generated in the reaction gas supply passage, the 
pressure of the reaction gas in the reaction gas supply 
passage can be set loWer than the conventional device. Thus, 
the difference betWeen the pressure of the reaction gas in the 
reaction gas supply passage and the pressure of the reaction 
gas in the processing chamber can be reduced, so that the 
conductance of the reaction gas in the gas inlet hole in the 
shoWer plate can be larger than the conventional case. 
Therefore, the siZe of the gas inlet hole in the shoWer plate 
can be set larger than the conventional device, so that high 
precision machining required by the conventional device in 
processing the gas inlet holes is no longer necessary. As a 
result, the manufacturing cost of the shoWer plate can be 
reduced. 

[0021] Since the difference betWeen the pressure of the 
reaction gas in the reaction gas supply passage and the 
pressure of the reaction gas in the processing chamber can 
be reduced, process conditions such as the components of 
the reaction gas may be more readily adjusted than the 
conventional device. Thus, plasma of prescribed compo 
nents may be readily obtained. 

[0022] In addition, since the shoWer plate is used to supply 
the reaction gas uniformly in the processing chamber, homo 
geneous plasma can be obtained. 

[0023] A plasma process device according to another 
aspect of the present invention includes a processing cham 
ber, microWave guiding means, a shoWer plate, and a reac 
tion gas supply passage. In the processing chamber, a 
processing using plasma is performed. The microWave guid 
ing means has an opening formed on the processing chamber 
to guide a microWave into the processing chamber. The 
shoWer plate is positioned betWeen the processing chamber 
and the microWave guiding means and has a gas inlet hole 
to supply to the processing chamber a reaction gas attaining 
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a plasma state by the microwave. The reaction gas supply 
passage is formed in a region other than the region under the 
opening of the microwave guiding means to supply the 
reaction gas to the gas inlet hole. 

[0024] In this case, the microwave radiated from the 
opening of the microwave guiding means is transmitted to 
the shoWer plate, and into the processing chamber from the 
shoWer plate. Thus, the region positioned under the opening 
of the microwave guiding rneans serves as the transmission 
path of the microwave. The reaction gas supply passage is 
formed in a region other than the region under the opening 
of the transmission path of the microwave, so that the 
reaction gas supply passage and the transmission path of the 
microwave can be located so as not to overlap one another. 

Therefore, a component of the microwave having a large 
electric ?eld arnplitude can be surely prevented from being 
irradiated in the reaction gas supply passage, so that plasma 
caused by irradiation of the microwave upon the reaction gas 
can be prevented from being generated in the reaction gas 
supply passage. As a result, the Wall surface of the reaction 
gas supply passage or the like can be prevented from being 
damaged by the plasma. 

[0025] In addition, since abnorrnal plasrna can be pre 
vented frorn being generated in the reaction gas supply 
passage, the pressure of the reaction gas in the reaction gas 
supply passage can be set loWer than the conventional 
device. Thus, the difference betWeen the pressure of the 
reaction gas in the reaction gas supply passage and the 
pressure of the reaction gas in the processing chamber can 
be reduced, so that the conductance of the reaction gas in the 
gas inlet hole in the shoWer plate can be larger than the 
conventional case. Therefore, the siZe of the gas inlet hole in 
the shoWer plate can be set larger than the conventional 
device, so that high precision rnachining required by the 
conventional device is no longer necessary in processing the 
gas inlet hole. As a result, the manufacturing cost of the 
shoWer plate can be reduced. 

[0026] Since the difference betWeen the pressure of the 
reaction gas in the reaction gas supply passage and the 
pressure of the reaction gas in the processing chamber can 
be reduced, process conditions such as the components of 
the reaction gas can be adjusted more easily than the 
conventional device. 

[0027] The use of the shoWer plate alloWs the reaction gas 
to be uniformly supplied in the processing chamber, so that 
hornogeneous plasrna may be obtained. 

[0028] A plasrna process device according to another 
aspect of the present invention includes a processing cham 
ber, rnicroWave guiding means, a shoWer plate, and a reac 
tion gas supply passage. In the processing chamber, a 
processing using plasma is performed. The rnicroWave guid 
ing rneans guides a microwave into the processing chamber. 
The shoWer plate has a gas inlet hole to supply to the 
processing chamber a reaction gas attaining a plasma state 
by the microwave. The reaction gas supply passage is 
positioned on the shoWer plate and formed in a region other 
than the transmission path of the microwave guided into the 
processing chamber by the microwave guiding means for 
supplying the reaction gas to the gas inlet hole. 
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[0029] Thus, since the reaction gas supply passage is 
formed in a region other than the transmission path of the 
microwave, a component of the microwave having a large 
electric ?eld arnplitude can be prevented from being irradi 
ated into the reaction gas supply passage. As a result, 
abnorrnal plasrna caused by irradiation of the microwave 
upon the reaction gas can be surely prevented from being 
generated. Therefore, the inner Wall of the reaction gas 
supply passage can be prevented from being damaged by the 
abnormal plasrna. 

[0030] Since the abnormal plasrna can be prevented from 
being generated in the gas supply passage, the pressure of 
the reaction gas in the reaction gas supply passage can be set 
loWer than the conventional level. As a result, the difference 
betWeen the pressure of the reaction gas in the reaction gas 
supply passage and the pressure of the reaction gas in the 
processing chamber can be reduced, and the conductance of 
the reaction gas in the reaction gas inlet hole in the shoWer 
plate can be set larger than the conventional device. As a 
result, the siZe of gas inlet hole can be increased compared 
to the conventional device, and therefore high precision 
rnachining required in processing the gas inlet hole by the 
conventional device is no longer necessary. This alloWs the 
manufacturing cost of the shoWer plate to be reduced. 

[0031] Since the difference betWeen the pressure of the 
reaction gas in the reaction gas supply passage and the 
pressure of the reaction gas in the processing chamber can 
be reduced, process conditions such as the components of 
the reaction gas can be adjusted more easily than the 
conventional device. 

[0032] Since the reaction gas can be uniformly supplied in 
the processing chamber using the shoWer plate, homoge 
neous plasrna can be obtained. 

[0033] A plasrna process device according to another 
aspect of the present invention includes a processing cham 
ber, rnicroWave guiding means, a shoWer plate, and a reac 
tion gas supply passage. In the processing chamber, a 
processing using plasma is performed. The rnicroWave guid 
ing rneans guides a microwave into the processing chamber. 
The shoWer plate has a gas inlet hole to supply to the 
processing chamber a reaction gas attaining a plasma state 
by the microwave. The reaction gas supply passage is 
positioned on the shoWer plate and isolated from the micro 
Wave guiding means by a conductor for supplying the 
reaction gas to the gas inlet hole. 

[0034] In this case, since the microwave is not transmitted 
through the conductor, if the microwave guiding means and 
the reaction gas supply passage are isolated by the conduc 
tor, a component of the microwave from the microwave 
guiding means having a large electric ?eld arnplitude can be 
surely prevented from being irradiated upon the reaction gas 
supply passage. As a result, in the reaction gas supply 
passage, abnorrnal plasrna caused by irradiation of the 
microwave upon the reaction gas in the reaction gas supply 
passage can be prevented from being generated. Therefore, 
the inner Wall or the like of the reaction gas supply passage 
can be prevented from being damaged by this abnorrnal 
plasrna. 

[0035] Since abnorrnal plasrna can be prevented from 
being generated in the reaction gas supply passage, the 
pressure of the reaction gas in the reaction gas supply 
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passage can be set lower than the conventional device. Thus, 
the difference betWeen the pressure of the reaction gas in the 
reaction gas supply passage and the pressure of the reaction 
gas in the processing chamber can be reduced, so that the 
conductance of the reaction gas in the gas inlet hole in the 
shoWer plate can be larger than the conventional case. 
Therefore, the siZe of the gas inlet hole in the shoWer plate 
can be set larger than the conventional device, so that high 
precision machining required by the conventional device in 
processing the gas inlet hole is no longer necessary. As a 
result, the manufacturing cost of the shoWer plate can be 
reduced. 

[0036] Since the difference betWeen the pressure of the 
reaction gas in the reaction gas supply passage and the 
pressure of the reaction gas in the processing chamber can 
be reduced, process conditions such as the components of 
the reaction gas can be adjusted more easily than the 
conventional device. 

[0037] The use of the shoWer plate alloWs the reaction gas 
to be uniformly supplied in the processing chamber using 
the shoWer plate, so that homogeneous plasma may be 
obtained. 

[0038] In a plasma process device according to any of the 
above aspects or another aspect, the shoWer plate may have 
a loWer surface facing the processing chamber, and an upper 
surface positioned on the opposite side of the loWer surface, 
and the Wall surface of the reaction gas supply passage may 
include an upper surface of the shoWer plate and a conductor 
Wall surface opposing the upper surface. 

[0039] In this case, since the Wall surface of the reaction 
gas supply passage includes a conductor Wall surface of 
conductor Which does not transmit the microWave, a com 
ponent of the microWave having a large electric ?eld ampli 
tude can be surely prevented from being irradiated from the 
microWave guiding means to the reaction gas supply pas 
sage. As a result, abnormal plasma can be more surely 
prevented from being generated in the reaction gas supply 
passage. 

[0040] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
gas inlet hole in the shoWer plate may be formed penetrating 
from the upper surface to loWer surface of the shoWer plate, 
and the gas inlet hole at the loWer surface of the shoWer plate 
may have a diameter larger than the diameter of the gas inlet 
hole at the upper surface of the shoWer plate. 

[0041] In this case, a cross section of the gas inlet hole 
may be a shape broader from the upper surface to loWer 
surface of the shoWer plate. As a result, the reaction gas to 
be introduced from the gas inlet hole to the processing 
chamber may be introduced not only in the vertical direction 
but also in an oblique direction With respect to the loWer 
surface of the shoWer plate. As a result, the distribution of 
the reaction gas may be more homogeneous in the process 
ing chamber. As a result, the plasma process can be per 
formed in more uniform conditions. 

[0042] In a plasma process device according to any of the 
above aspects or another aspect of the invention, the shoWer 
plate may include a plurality of shoWer plate portions. 
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[0043] In this case, small siZe shoWer plate portions may 
be manufactured using eXisting manufacturing equipment 
and combined to form a shoWer plate having a large area. As 
a result, a large siZe shoWer plate can be readily provided. 

[0044] Such small siZe shoWer plate portions of equal 
quality can be more readily obtained using eXisting manu 
facturing equipment than forming a large siZe shoWer plate. 
As a result, a large shoWer plate of more equal and good 
quality may be obtained than forming a large shoWer plate 
as an integral form. 

[0045] In the plasma process device using the shoWer plate 
of such a plurality of shoWer plate portions, if any of shoWer 
plate portions is damaged, only the damaged shoWer plate is 
replaced, so that the equipment can be readily and quickly 
repaired. As a result, time and labor required for mainte 
nance of the plasma process device can be reduced. 

[0046] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
isolation distance betWeen a loWer surface of the shoWer 
plate facing the processing chamber and a conductor Wall 
surface provided opposing an upper surface positioned on 
the opposite side of the loWer surface may be a integral 
multiple of half a guide Wavelength of the microWave 
(integral multiple of half a Wavelength of the microWave in 
microWave guide means). 
[0047] Thus, cancellation of microWaves can be pre 
vented, and more homogeneous and efficient plasma eXci 
tation can be achieved. 

[0048] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
shoWer plate may include dielectric. 

[0049] In this case, the microWave is transmitted through 
the dielectric, the microWave supplied from the microWave 
guiding means can be readily transmitted to the processing 
chamber through the shoWer plate. 

[0050] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
dielectric is ceramic containing aluminum nitride as a main 
constituent. 

[0051] In this case, since aluminum nitride has high ther 
mal conductivity, if the shoWer plate is locally heated by 
plasma formed in the processing chamber, the locally 
applied heat can be quickly diffused to the entire shoWer 
plate. As a result, the shoWer plate can be prevented from 
being damaged by the local heating. 

[0052] By using such a material having high thermal 
conductivity for the shoWer plate, if a high temperature 
portion is generated in the processing chamber, the heat of 
the high temperature portion can be quickly diffused to 
another region through the shoWer plate. As a result, the 
temperature of the processing chamber may be readily 
equaliZed. 
[0053] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, a 
vessel member, a pedestal, and a shoWer plate securing 
member may be provided. The vessel member may form a 
processing chamber, and the pedestal may be secured to the 
vessel member. The shoWer plate securing member may 
secure the shoWer plate by pressing the shoWer plate to the 
pedestal. 
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[0054] In this case, if a screw is used for securing the 
shower plate to the pedestal, a screW hole to receive the 
screW must be formed in the shoWer plate of dielectric. The 
processing using the screW increases the manufacturing cost 
of the shoWer plate. In the plasma process device according 
to the present invention, hoWever, the shoWer plate is 
secured to the pedestal by pressing the shoWer plate to the 
pedestal, and therefore no screW hole is necessary. As a 
result, the manufacturing cost of the shoWer plate may be 
reduced. 

[0055] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, 
flow rate control means for controlling the flow rate of the 
reaction gas in the gas inlet hole in the shoWer plate may be 
provided. 

[0056] In this case, the flow rate of the reaction gas 
supplied to the processing chamber may be adjusted by the 
flow rate control means, and therefore the plasma process 
condition in the processing chamber may be readily opti 
miZed. 

[0057] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
flow rate control means may include a plug to be inserted 
into the gas inlet hole in the shoWer plate. 

[0058] In this case, the conductance of the reaction gas in 
the gas inlet hole in the shoWer plate can be changed by 
changing the diameter of the plug as the inner diameter of 
the gas inlet hole is ?xed. More speci?cally, as the gas inlet 
hole in the shoWer plate, a hole of a prescribed siZe is 
formed. Then, the diameter of the plug is determined to form 
a gap to serve as a gas passage for the reaction gas betWeen 
the inner Wall of the gas inlet hole and the sideWall of the 
plug. Thus, the gas inlet hole in the shoWer plate may be 
readily machined and at the same time the conductance of 
the reaction gas in the gas inlet hole in the shoWer plate may 
be changed by changing the plug. As a result, the cost of the 
shoWer plate may be reduced and processing conditions such 
as the flow rate of the reaction gas may be readily changed. 

[0059] In a plasma process device according to any of the 
above aspects or another aspect of the present invention, the 
shoWer plate has a substantially rectangular shape When 
vieWed from the top. 

[0060] In this case, the plasma process device suitable for 
processing such as deposition and etching by CVD to a 
rectangular glass substrate used for a liquid crystal device 
may be obtained. 

[0061] In a plasma process device according to any of the 
above aspects or another aspect of the invention, the micro 
Wave guiding means may include a single mode microWave 
Waveguide. 

[0062] In this case, the microWave can be readily con 
trolled and a stable and homogeneous microWave can be 
transmitted to the processing chamber. 

[0063] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0064] FIG. 1 is a schematic plan vieW of a plasma 
process device according to a ?rst embodiment of the 
present invention; 
[0065] FIG. 2 is a schematic cross sectional vieW taken 
along line 11-11 in FIG. 1; 

[0066] FIG. 3 is a schematic enlarged cross sectional vieW 
of a part of the upper lid of a vacuum vessel in the plasma 
process device shoWn in FIG. 2; 

[0067] FIG. 4 is a schematic cross sectional vieW of a 
shoWer plate in a plasma process device according to a 
second embodiment of the present invention; 

[0068] FIG. 5 is a schematic side vieW of the core member 
shoWn in FIG. 4; 

[0069] FIG. 6 is a schematic cross sectional vieW taken 
along line VI-VI in FIG. 5; 

[0070] FIG. 7 is a schematic plan vieW of a plasma 
process device according to a third embodiment of the 
present invention; 
[0071] FIG. 8 is a schematic cross sectional vieW taken 
along line VIII-VIII in FIG. 7; 

[0072] FIG. 9 is a schematic cross sectional vieW taken 
along line IX-IX in FIG. 7; 

[0073] FIG. 10 is a schematic top plan vieW of the plasma 
process device according to the present invention shoWn in 
FIG. 7 seen from the top of the lid of the vacuum vessel; 

[0074] FIG. 11 is a schematic cross sectional vieW taken 
along line XI-XI in FIG. 10; 

[0075] FIG. 12 is a schematic plan vieW of a plasma 
process device according to a fourth embodiment of the 
present invention; 
[0076] FIG. 13 is a plan vieW of a plasma process device 
according to a ?fth embodiment of the present invention; 

[0077] FIG. 14 is a schematic cross sectional vieW of a 
plasma process device according to a siXth embodiment of 
the present invention; 

[0078] FIG. 15 is a schematic enlarged cross sectional 
vieW of the vicinity of a slot plate in FIG. 14; 

[0079] FIG. 16 is a schematic cross sectional vieW of a 
conventional plasma process device; and 

[0080] FIG. 17 is a schematic perspective vieW of a radial 
line slot antenna shoWn in FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0081] Embodiments of the present invention Will be 
described in conjunction With the accompanying draWings, 
in Which the same or corresponding portions are denoted 
With the same reference characters and the description is not 
provided. 
[0082] First Embodiment 

[0083] Referring to FIG. 1, a plasma process device Will 
be described. 

[0084] Referring to FIG. 1, the plasma process device 
includes four Waveguides 1a to 1d as microWave guiding 
means to transmit microWaves, and shoWer plates 3a to 3d. 
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Waveguides 1a to 1d and shower plates 3a to 3d are 
provided on the upper lid of a vacuum vessel as a vessel 
member to form a processing chamber as shown in FIG. 2. 

[0085] Referring to FIG. 2, under Waveguides 1a to 1d, 
?rst dielectric plates 2a to 2d serving as a microWave 
guiding WindoW are formed. First dielectric plates 2a to 2d 
are provided to ?ll a shoWer plate holder 5 for holding 
shoWer plates 3a to 3d. ShoWer plate holder 5 is formed of 
conductor such as metal. ShoWer plates 3a to 3d are formed 
at the loWer surface of shoWer plate holder 5. ShoWer plates 
3a to 3d are provided to have their upper surfaces in contact 
With ?rst dielectric plates 2a to 2d, respectively. ShoWer 
plates 3a to 3d have gas inlet holes 18 (see FIG. 3). Gas inlet 
holes 18 are connected to gas inlet passages (paths) 4a to 4d, 
and 6a to 6d. Asubstrate 8 is provided on a substrate holder 
so as to be under shoWer plates 3a to 3d. Substrate 8 is a 
glass substrate for a liquid crystal display, and has a large 
siZe about in the range from 500 mm><500 mm to 1 m><1 m. 

[0086] Referring to FIG. 3, the structure of the shoWer 
plate portion of the plasma process device according to the 
present invention Will be described in detail. 

[0087] Referring to FIG. 3, a shoWer plate holder 5 is 
secured With securing bolts 9a, 9b on the upper lid of the 
vacuum vessel having Waveguides 1a, 1b. ShoWer plates 3a, 
3b are secured to this shoWer plate holder 5 using securing 
bolts 10a, 10b. Gas inlet paths 4a to 4d (see FIG. 2) are 
formed on the upper lid of the vacuum vessel. Gas inlet path 
4a formed on the upper lid of the vacuum vessel is con 
nected to a gas inlet gap portion 7a as a reaction gas supply 
passage through a gas inlet path 6a formed at shoWer plate 
holder 5. Gas inlet gap portion 7a includes an upper surface 
of shoWer plate 3a and a loWer surface of shoWer plate 
holder 5 as a conductor Wall surface at its Wall surface. Gas 
inlet gap portion 7a is connected to gas inlet holes 18 formed 
at shoWer plate 3a. A reaction gas supplied from gas inlet 
path 4a reaches gas inlet gap portion 7a through gas inlet 
path 6a. The reaction gas is then let through gas inlet holes 
18 from gas inlet gap portion 7a into the processing chamber 
to form plasma such that the reaction gas is uniformly 
distributed. Note that the other gas inlet paths 46, 4f, 66, 6f 
and gas inlet gap portions 7b, 7c as shoWn have the same 
structures as described above. 

[0088] First dielectric plates 2a, 2b are provided under 
Waveguides 1a, 1b as described above. ShoWer plates 3a, 3b 
are provided under ?rst dielectric plates 2a, 2b. A micro 
Wave is transmitted from Waveguides 1a, 1b to shoWer plates 
3a, 3b through ?rst dielectric plates 2a, 2b. In this case, ?rst 
dielectric plates 2a, 2b are preferably made of A1203 Which 
transmits a microWave in a high transmittance, and is easily 
machinable and available. The microWave transmitted to 
shoWer plates 3a, 3b through ?rst dielectric plates 2a, 2b is 
irradiated upon the inside of the processing chamber from 
the region under dielectric plates 2a, 2b and plasma is 
generated at the loWer surface of shoWer plates 3a, 3b. Since 
the microWave cannot be propagated deeply inside the 
plasma, excess microWave components propagate trans 
versely through shoWer plates 3a, 3b. As a result, the 
microWave Will be irradiated to the inside of the processing 
chamber from the entire loWer surfaces of shoWer plates 3a, 
3b. The thus irradiated microWave excites the reaction gas 
introduced into the processing chamber from gas inlet hole 
18, Which results in plasma substantially uniformly distrib 
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uted over the entire surface of substrate 8 (see FIG. 2). 
Using this plasma, a processing such as deposition, etching 
and ashing may be performed on substrate 8. 

[0089] Here, the conductor such as metal forming shoWer 
plate holder 5 does not transmit the microWave. As described 
above, gas inlet gap portion 7a includes an upper surface of 
shoWer plate 3a and a loWer surface of shoWer plate holder 
5 at its sideWall as described above, of the microWave 
transmitted from Waveguide 1a as the microWave guiding 
means to the processing chamber, a component having a 
large electric ?eld amplitude can be prevented from being 
guided into gas inlet gap portion 7a. As a result, generation 
of plasma from the reaction gas caused by the microWave in 
gas inlet gap portion 7a (abnormal plasma generation) can 
be prevented. Thus, the Wall surface of gas inlet gap portion 
7a, in other Words, the upper surface of shoWer plate 3a or 
the like can be prevented from being damaged by the 
plasma. 

[0090] Furthermore, since the abnormal plasma can be 
prevented from being generated in gas inlet gap 7a, the 
pressure of the reaction gas in gas inlet gap portion 7a can 
be set at a loWer level than the conventional level. As a 
result, the difference betWeen the pressure of the reaction gas 
in gas inlet gap portion 7a and the pressure of the reaction 
gas in the processing chamber can be reduced, then the 
conductance of the reaction gas in gas inlet hole 18 in 
shoWer plate 3a can be larger than the conventional device. 
As a result, the siZe of gas inlet hole 18 in shoWer plate 3a 
can be increased compared to the conventional device, and 
therefore high precision machining required by the conven 
tional device in processing gas inlet hole 18 is no longer 
necessary. This alloWs the manufacturing cost of shoWer 
plate 3a to be reduced. 

[0091] Since the difference betWeen the pressure of the 
reaction gas in gas inlet gap portion 7a and the pressure of 
the reaction gas in the processing chamber can be reduced, 
process conditions such as the components of the reaction 
gas can be adjusted more easily than the conventional 
device. The use of the shoWer plates alloWs the reaction gas 
to be uniformly supplied in the processing chamber, so that 
homogeneous plasma may be obtained. 

[0092] Also as described above, a shoWer plate having a 
large area can be readily formed using shoWer plates 3a to 
3d as the shoWer plate portion. As a result, a large siZe 
substrate can be readily constructed. 

[0093] The region positioned under the opening portion of 
Waveguides 1a to 1d as the microWave guiding means serves 
as a transmission path for the microWave, and gas inlet gap 
portions 7a to 7c are formed on the upper surfaces of shoWer 
plates 3a, 3b in a region other than the region positioned 
under the opening portion under these Waveguides 1a, 1b. 

[0094] In this case, the transmission path for the micro 
Wave and gas inlet gap portions 7a to 7c can be located so 
as not to overlap one another. As a result, a component of the 
microWave having a large electric ?eld amplitude can be 
prevented from being irradiated upon gas inlet gap portions 
7a to 7c, so that generation of plasma in gas inlet gap 
portions 7a to 7c caused by the irradiation of the microWave 
upon the reaction gas can be prevented. As a result, the Wall 
surface or the like of gas inlet gap portions 7a to 7c can be 
prevented from being damaged by such plasma, While the 
manufacturing cost of shoWer plates 3a to 3d can be reduced 
as Well, and a large siZe substrate can be readily coped With. 
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[0095] As described above, in the transmission path from 
Waveguides 1a through ?rst dielectric plates 2a to 2d and 
shoWer plates 3a to 3d, the microWave is transmitted into the 
processing chamber from Waveguides 1a to 1d (see FIG. 2). 
Gas inlet gap portion 7a to 7c are formed in a region other 
than the transmission path on shoWer plates 3a, 3b. 

[0096] Therefore, the microWave can be prevented from 
being irradiated upon gas inlet gap portions 7a to 7c, so that 
the Wall surface or the like can be prevented from being 
damaged by the plasma, While the manufacturing cost of 
shoWer plates 3a to 3d can be reduced as described above, 
and a large siZe substrate can be readily coped With. 

[0097] In the plasma process device according to the 
present invention, gas inlet gap portions 7a to 7c are isolated 
from Waveguides 1a, 1b as the microWave guiding means by 
shoWer plate holder 5 as conductor. 

[0098] Thus, of the microWave let into the processing 
chamber from Waveguides 1a, 1b, a component having a 
large electric ?eld amplitude can be prevented from being 
irradiated upon gas inlet gap portions 7a to 7c. As a result, 
the Wall surface or the like of gas inlet gap portions 7a to 7c 
can be prevented from being damaged by the plasma, While 
the manufacturing cost of shoWer plates 3a to 3d can be 
reduced as described above, and a large siZe substrate can be 
readily coped With. 

[0099] The shoWer plate is formed by combining a plu 
rality of small siZe shoWer plates 3a to 3d, and such small 
siZe shoWer plates 3a to 3d can be formed using existing 
equipment. As a result, the manufacturing cost of the shoWer 
plates can be further reduced. 

[0100] When a large siZe shoWer plate corresponding to a 
large siZe substrate is formed in an integral form, a large siZe 
heating furnace corresponding to the siZe of such a shoWer 
plate must be used. In such large equipment, hoWever, the 
distribution of the heating temperature for the shoWer plate 
can be hardly uniformly maintained. As a result, the quality 
of manufactured shoWer plates can be hardly equal. Accord 
ing to the present invention, hoWever, since relatively small 
siZe shoWer plates 3a to 3d are used, such a problem can be 
avoided. 

[0101] Since small siZe, separate shoWer plates such as 
shoWer plates 3a to 3d are used, if any of shoWer plates 3a 
to 3a' is damaged, the damaged shoWer plate has only to be 
replaced. As a result, the maintenance and examination 
operation for the plasma process device can be more readily 
performed than the case of using an integral type shoWer 
plate. 

[0102] In this case, shoWer plates 3a to 3d are preferably 
formed of aluminum nitride Since aluminum nitride 
has high thermal conductivity, if shoWer plates 3a to 3d are 
locally heated, the locally applied heat can be quickly 
diffused to other part. Therefore, shoWer plates 3a to 3d can 
be prevented from being damaged by such local heat. The 
use of a material With high thermal conductivity for shoWer 
plates 3a to 3d permits the temperature of the processing 
chamber to be made homogeneous over the entire surface of 
substrate 8. As a result, the plasma process conditions can be 
more equaliZed over the entire surface of substrate 8. 
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[0103] The tWo-dimensional con?guration of the shoWer 
plate portion formed by shoWer plates 3a to 3a' is rectangular 
as shoWn in FIG. 1, the plasma process device according to 
the present invention can be readily applied to a rectangular 
glass substrate used for eXample for a liquid crystal display. 

[0104] The use of a single mode microWave Waveguide as 
Waveguides 1a to 1d permits a microWave to be readily 
controlled and a stable and homogeneous microWave can be 
transmitted into the processing chamber. 

[0105] Gas inlet hole 18 has a substantially circular cross 
section in the horiZontal direction and is formed such that the 
diameter of gas inlet hole 18 at the loWer surface of shoWer 
plates 3a to 3a' is larger than the diameter of gas inlet hole 
18 at the upper surface of shoWer plates 3a to 3d. Therefore, 
the reaction gas introduced from gas inlet 18 into the 
reaction chamber is introduced not only in the direction 
substantially vertical to the loWer surface of shoWer plates 
3a to 3d but also in a direction oblique to the loWer surface. 
Thus, if for eXample the plasma process device shoWn in 
FIG. 1 is used for plasma CVD, the quality and thickness of 
a CVD ?lm formed on the surface of substrate 8 can be more 

equaliZed over the entire surface of substrate 8. 

[0106] Note that shoWer plate holder 5 is an integral 
metallic holder herein, but the shoWer plate holder itself may 
be divided into four parts corresponding to shoWer plates 3a 
to 3d. When shoWer plate holder 5 itself is divided, attach 
ment betWeen shoWer plates 3a to 3d and shoWer plate 
holder 5, the attachment state betWeen shoWer plates 3a to 
3d and shoWer plate holder 5 or the state of gas inlet gap 
portions 7a to 7c may be examined as they are removed from 
the plasma process device (in an off line state). As a result, 
the plasma process device can be maintained/examined With 
reduced time and labor. 

[0107] Second Embodiment 

[0108] Referring to FIG. 4, the shoWer plate Will be 
described. 

[0109] Referring to FIG. 4, core members 12a, 12b Which 
are plugs as How rate control means are provided at the gas 
inlet hole of shoWer plate 3. A spacer 11 to keep the height 
of gas inlet gap portion 7 at a prescribed level is provided at 
an upper surface of shoWer plate 3. The structure of core 
member 12a provided at the gas inlet hole Will be described 
in conjunction With FIG. 5. 

[0110] Referring to FIG. 5, core member 12a includes a 
rod portion 13a and a nut portion 14a. Rod portion 13a and 
nut portion 14a can be isolated, and the upper part of rod 
portion 13a serves as a male screW and nut portion 14a 
serves as a female screW. After rod portion 14a is inserted 
into the gas inlet of shoWer plate 3, nut portion 14a is 
engaged into the upper part of rod portion 13a from the 
upper surface of shoWer plate 3, and thus core member 12a 
can be secured to the gas inlet hole of shoWer plate 3. At this 
time, core member 12a is in contact With shoWer plate 3 at 
rod abutment portions 15a, 15b and nut abutment portions 
16a, 16b. Note that grooves to serve as a passage for a 
reaction gas are formed at the surface of shoWer plate 3 
Which nut abutment portions 16a, 16b or nut abutment 
portions 16a, 16b are in contact With. 
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[0111] The use of these core members 12a, 12b permits the 
conductance of the reaction gas in the gas inlet hole to be 
readily controlled by adjusting the siZe of rod abutment 
portions 15a, 15b and nub abutment portions 16a, 16b. 

[0112] Also, the use of such core members 12a, 12b 
permits maintenance operations such as cleaning of clogging 
in the gas inlet holes to be readily performed after these core 
members 12a and 12b are removed. As a result, time and 
labor required for maintenance of shoWer plate 3 can be 
reduced. 

[0113] As shoWn in FIG. 6, notch surfaces 17a, 17b may 
be formed on the side surface of rod portion 13a. Such notch 
surfaces 17a, 17b permits the conductance of the reaction 
gas in the gas inlet hole to be readily changed by changing 
the notch depth of notch surfaces 17a, 17b. 

[0114] If the diameters of the gas inlet holes of shoWer 
plates 3 are set equal, and a plurality of core members 12a, 
12b are prepared, the conductance of the reaction gas in the 
gas inlet holes in shoWer plate 3 can be readily changed by 
replacing core members 12a, 12b. As a result, the manufac 
turing cost of the plasma process device can be loWer than 
the case of preparing a plurality of shoWer plates 3 having 
different diameters for the gas inlet holes. 

[0115] Furthermore, as compared to the case of forming a 
gas inlet hole having a small diameter to obtain necessary 
conductance, the use of the gas inlet hole having a siZe large 
enough to insert core members 12a, 12b can reduce the 
manufacturing cost of the shoWer plate because ?ne machin 
ing is not necessary. 

[0116] Third Embodiment 

[0117] FIG. 7 is a schematic plan vieW of a plasma 
process device according to the present invention shoWing 
the bottom surface of shoWer plates 3a to 3d as vieWed from 
the bottom side of the shoWer plate. Referring to FIG. 7, the 
plasma process device Will be described. 

[0118] Referring to FIG. 7, the four divisional shoWer 
plates 3a to 3d are provided on the upper lid 23 of the 
vacuum vessel as the vessel member for the plasma process 
device. ShoWer plates 3a to 3d have gas inlet holes 18 to 
supply a reaction gas into the processing chamber. At the 
outer peripheral portion of shoWer plates 3a to 3d, there is 
a shoWer plate securing member 19 to secure these shoWer 
plates 3a to 3a' to shoWer plate holder 5 (see FIG. 8) as a 
pedestal. A cross sectional structure of the plasma process 
device Will be described in conjunction With FIG. 8. 

[0119] Referring to FIG. 8, a substrate 8 is provided on a 
substrate holder 20 in a vacuum vessel 21 as a processing 
chamber. Exhaust holes 22 are formed at the bottom of 
vacuum vessel 21. Exhaust holes 22 are connected to an 
exhaust pump 25 (see FIG. 14) to let out the part of a 
reaction gas Which has not contributed to the plasma process 
and a gas generated by plasma process. 

[0120] Note hoWever that in the plasma process device as 
shoWn in FIGS. 7 and 8, shoWer plates 3a to 3d are secured 
to shoWer plate holder 5 using a shoWer plate securing 
member 19. ShoWer plate securing member 19 has a support 
portion extending to the loWer surface of shoWer plates 3a 
to 3d at the outer periphery of shoWer plates 3a to 3d. 
ShoWer plates 3a to 3d are supported by the support portion. 
ShoWer plate securing member 19 is secured to shoWer plate 

Dec. 20, 2001 

holder 5 With a screW or the like. ShoWer plate securing 
member 19 presses the outer peripheral portion of shoWer 
plates 3a to 3a' to shoWer plate holder 5 by the support 
portion, so that shoWer plates 3a to 3d are secured to shoWer 
plate holder 5. The other structure is the same as that of the 
plasma process device according to the ?rst embodiment of 
the present invention as shoWn in FIGS. 1 to 3. 

[0121] Thus, the process of forming grooves for screWs to 
shoWer plates 3a to 3a' is not necessary. As a result, the 
manufacturing cost of shoWer plates 3a to 3d may be 
reduced. 

[0122] In the plasma process device shoWn in FIG. 8, gas 
inlet holes 18 in shoWer plates 3a to 3d are formed in the 
region other than under ?rst dielectric plates 2a, 2b. As a 
result, gas inlet gap portions 7a to 7c may be surely formed 
in the region other than the plasma transmission path, so that 
abnormal plasma can be surely prevented from being gen 
erated in gas inlet gap portions 7a to 7c. 

[0123] As can be seen from FIG. 9, ?rst dielectric plate 2a 
is formed to extend along the direction in Which Waveguide 
1a extends. As shoWn, shoWer plate 3c is secured to shoWer 
plate holder 5 using shoWer plate securing member 19 
similarly to shoWer plates 3a and 3b. 

[0124] Referring to FIGS. 10 and 11, a microWave is 
supplied from Waveguides 1a, 1b from a Waveguide 24. 
More speci?cally, the microWave introduced from the upper 
part of the surface of the sheet to Waveguide 24 in FIG. 10 
branch to the left and right toWard Waveguides 1a and 1b as 
shoWn in FIG. 10, and are then supplied from the central 
portions of Waveguides 1a and 1b to their end portions. 

[0125] Fourth Embodiment 

[0126] FIG. 12 is a schematic plan vieW of a plasma 
process device shoWing the upper lid of the vacuum vessel 
as vieWed from the loWer surface of the shoWer plate of the 
plasma process device similarly to FIG. 7. 

[0127] Referring to FIG. 12, the plasma process device 
has basically the same structure as the plasma process device 
as shoWn in FIG. 7 except that the shoWer plate portion is 
divided into tWo shoWer plates 3a, 3b. Also in this case, the 
same effect as that of the plasma process device according 
to the third embodiment of the present invention may be 
provided. 
[0128] Fifth Embodiment 

[0129] FIG. 13 is a schematic plan vieW of a plasma 
process device shoWing the upper lid of a vacuum vessel 
vieWed from the loWer surface of the shoWer plate of the 
plasma process device similarly to FIG. 12. 

[0130] Referring to FIG. 13, the plasma process device 
basically has the same structure as that shoWn in FIG. 7 
except that in the plasma process device shoWn in FIG. 13, 
an integral type shoWer plate 3a is used as a shoWer plate. 
In this case, the number of shoWer plate securing members 
19 may be smaller than the case of using a separate type 
shoWer plate portion. As a result, the process of mounting 
shoWer plate 3a to shoWer plate holder 5 may be simpli?ed. 

[0131] Note that the structure of the upper lid 23 of the 
vacuum vessel from shoWer plate 3a to Waveguides 1a, 1b 
is basically the same as the plasma process device shoWn in 
FIG. 7. Thus, similarly to the ?rst embodiment, abnormal 










